Abstract Ethanol/water organosolv pulping was used to obtain sugarcane bagasse pulp that was bleached with sodium chlorite. This bleached pulp was used to obtain cellulosic films that were further evaluated by Fourier transform infrared (FTIR) spectroscopy, thermogravimetric analysis (TGA), and scanning electron microscopy (SEM). A good film formation was observed when temperature of 74°C and baths of distilled water were used, which after FTIR, TGA, and SEM analysis indicated no significant difference between the reaction times. The results showed this to be an interesting and promising process, combining the prerequisites for a more efficient utilization of agro-industrial residues.
Materials and Methods

Ethanol Pulping Procedure
Pulping of sugarcane bagasse with ethanol/water 1:1 (v/v) mixture was carried out in a closed and pressurized vessel using NaOH (5% dry bagasse) at 185°C for 3 h. The products were filtered and the pulp was dried for determination of yield.
Pulp Bleaching Procedure
Dried and refined pulps were suspended in water (3% consistency) and heated to 70±5°C. Sodium chlorite and glacial acetic acid were added 2.5:1 (w/v). The solution was further heated to 70±5°C for 60 min. The samples were cooled in ice bath to 10°C. Bleached pulp was filtered, washed with distilled water, and dried [22] .
Analyses and Chemical Composition of the Pulp
Kappa number and viscosity of the pulp were determined by standard methods [23, 24] . One gram of dry pulp was treated with 10 mL of 72% H 2 SO 4 under stirring at 45°C for 7 min. The flask was autoclaved for 30 min at 1.05 bar for the complete hydrolysis of oligomers. After filtration through a Sep-Pak C18 cartridge to remove aromatic compounds, the hydrolysate was analyzed in an Aminex HPX-87 H column (300× 7.8 mm 2 , Bio-Rad) at 45°C using a Shimadzu chromatograph with refractive-index detector. The mobile phase was 0.005 mol/L H 2 SO 4 at 0.6-mL/min flow rate. Sugar concentrations, reported as glucan and xylan, were determined from calibration curves obtained with pure compounds. Lignin was determined by gravimetric analysis [25] . All experiments were performed in triplicate.
Determination of Brightness
The brightness of pulps was determined in agreement with the Technical Association of the Pulp and Paper Industry (TAPPI) [26] . Samples were prepared following the TAPPI norm [27] . After 24 h, the sheets with thickness between 310 and 315 g/m 2 were analyzed using Photovolt 577 equipment. The reflection percentage was determined at five different points and the results were presented as average values.
Film Preparation
Samples of 0.5 g of bleaching pulp were transferred to 100-mL flasks and put in a water bath at 74°C. Then, 2.5 g H 2 O and 13.7 g NMMO were added. The film preparation was started when the temperature reached 74°C and nitrogen was added, for 1.5 and 2.5 h. After the indicated period of reaction, samples were removed with a wide spatula and put on a Teflon plate (9×5 cm) and cast as a film (3×1 cm) that was washed in two consecutive baths of distilled water. Films were dried at room temperature for 24 h and put under vacuum to dry at 35°C for 4 h. Other two samples were heated at 50°C (after dissolving at 74°C) and were cooled down to room temperature without the aid of the distilled water baths. The NMMO used was 4-methylmorpholine-4-oxide monohydrate (Sigma).
Fourier Transform Infrared of Samples FTIR spectra of samples were obtained on a Fourier transform infrared spectrophotometer (ABB FTLA 2000) operating at 4-cm −1 resolutions and using a KBr disc containing 1% finely ground samples.
Thermogravimetric Analyzer
The thermal stability of the samples was evaluated using TGA on a thermal analyzer (TGA-50 Shimadzu, Japan). The apparatus was continually flushed with nitrogen. The samples weighed between 10 and 12 mg and were run from room temperature to 580°C at a rate of 10°C/min.
Scanning Electron Microscopy
The samples of sugarcane bagasse and unbleached and bleached pulp were mounted on stubs, freeze-dried, coated with gold, examined, and photographed in a scanning electron microscope SEM/EDS:JEOL JSM 6301F/Oxford INCA Energy 350. The micrographs of NMMO and films were obtained by scanning electron microscopy in low vacuum using a microscope FEI Quanta 400FEG.
Results and Discussion
The composition results based on dried weight of the sugarcane bagasse, original pulp (unbleached), and bleached pulps are listed in Table 1 . Sugarcane bagasse material was characterized by its high lignin content (28% w/w), which was two and four times higher than that of the unbleached and bleached pulps, respectively. However, ethanol/water pretreatment of original (unbleached pulp) and bleached pulps from sugarcane bagasse removed a significant amount of lignin (48% and 76%, respectively). The kappa number of the unbleached pulp was high (≅ 46), indicating that the lignin present in the pulp was not removed after the pulping process. On the other hand, bleached pulp presented a low kappa number (micro-kappa number of 2.4). Viscosity of bleached pulp was lightly decreased after bleaching (from 8.1 to 7.8 cPa), indicating that the average cellulose chain length (polymerization degree) was less reduced [21] . The brightness of bleached pulps increased 2.5 times after bleaching using chlorite and 69.5% is a good value for brightness Subsequently, the bleached ethanol/water pulp obtained in this work was used to obtain cellulosic films with NMMO. The present work presents the results of two different treatments of film: (1) at 74°C for 1.5 and 2.5 h, with subsequent wash in distilled water (films 1 and 2, respectively); and (2) at 50°C for 1.5 and 2.5 h and cooled down to room temperature without bath of distilled water (films 3 and 4, respectively). We chose two methods of film preparation because it was observed that when we used water bath the film did not crystallized and when we did not use water bath crystallized. We saw the simple formation of the film with water bath and without water bath crystallization occurring. The film obtained after treatment at 50°C for 2.5 h crystallized, while for one carried out at 1.5 h the pulp was not dissolved and crystallized. We used 74°C because it is the dissolution temperature of NMMO and we used 50°C to compare the differences between these temperatures in relation to the second subject. The bleached pulp and the films obtained were analyzed by FTIR, TGA, and SEM and the results are shown in Figs. 1, 2 , and 3.
Fourier Transform Infrared Figure 1 shows the FTIR spectrum from unbleached and bleached pulps, from films obtained by NMMO, and from the NMMO reagent itself. This figure shows only the spectra between 800 and 2,000 cm −1 because no changes are observed in the interval of 2,000-4,000 and 600-800 cm . According to Zhao et al. [29] , strong H bonds form between cellulosic groups and the N-O group of the NMMO but no significant peak shifts were observed when cellulose and NMMO mixture samples are heated at different temperatures. The same behavior was observed in the present work.
New peaks at 1,575 and 1,632 cm −1 were observed when pulp and NMMO were used. The peak at 1,632 cm −1 was assigned to H 2 O bonded to cellulose [30] . The peak at 1,575 cm −1 is very close to water vapor at 1,595 cm −1 [29] . The peak at 1,600 cm −1 must be attributed to H 2 O molecules with almost no hydrogen bonding; it is known that cellulose molecules compete with H 2 O molecules that are bonded to NMMO. This means that some H 2 O molecules may be replaced by cellulose molecules and the other part of released H 2 O molecules is physically confined in the cellulose matrix and forms no or very weak hydrogen bonds with cellulose. The peak at 1,100 cm −1 is typical for ether bonds and not much specific for different sources. But it is seen that in films this band is higher in comparison with the band in NMMO or in pulps, giving indication of an etherification that can occur in the film prepared.
Thermogravimetric Analysis
TGA is an analytical technique used to determine a material's thermal stability and its fraction of volatile components by monitoring the weight change that occurs when a sample is heated. Synthetic and natural polymers are subject to a degradation of the mechanical properties under the influence of increased temperatures [31] . In this work, the thermal properties (Fig. 2) of sugarcane bagasse (line 1), unbleached pulp (line 2), bleached pulp (line 3), NMMO (line 4), film 1 with 1.5 h of treatment (line 5), film 2 with 2.5 h of treatment (line 6), film 3 with 1.5 h of treatment without bath (line 7), and film 4 with 2.5 h of treatment without bath (line 8) were studied by TGA. Figure 2 and Table 2 show the TGA results obtained from sugarcane bagasse fibers and films obtained by using NMMO. In general, there are three stages of degradation in the TGA curves of natural fiber samples. The initial weight loss of fibers (100-150°C) is due to evaporation of the adsorbed moisture. This loss depends on the initial moisture content of the fibers. The second severe weight loss (250-350°C) and the third stage are due to decomposition of the major components of the fibers. These results are consistent with the data reported in the literature [32, 33] . The higher onset of degradation temperatures indicates the improvement of the material's thermal stability. These results clearly illustrate that the thermal stability of the sugarcane bagasse fibers increases after chemical treatment.
The lower thermal stability of the untreated fibers relative to chemically treated fibers is attributed to the higher lignin content in the raw material [33, 34] .
The degradation temperature of the NMMO and also of the films reached 160°C. The decrease in the onset value of NMMO and films can be attributed to the decrease in the crystallinity of the fibers after chemical treatment using NMMO and also means a decrease of the stability of the mixture (bleached pulp and NMMO). There is also a little distinction between the amounts of the residues remaining after heating of 560°C heating. All samples have a residual weight between 0.35% and 5.9% at 560°C (Table 2) .
Under an inert atmosphere, the final products from degradation of cellulose are carbonaceous residues plus intact fibers when they do not remain after heating [35] . During the plant growth, inorganic compounds are needed as nutrients, and these inorganic compounds will generate ash. Samples of sugarcane bagasse and pulps were found to be initially degraded at about 260°C whereas NMMO and films obtained by NMMO would be degraded at about 160°C. Maximum rates of weight loss were observed between 260 and 360°C for sugarcane bagasse and pulps and between 160 and 240°C for NMMO and films. As observed, sugarcane bagasse and pulps were stable up to 250°C (lines 1-3), whereas NMMO and films were stable up to 150°C (lines [4] [5] [6] [7] [8] . Beyond these temperatures, thermal degradation takes place. As can be seen (Fig. 2) , for a 30% weight 
Scanning Electron Microscopy
The influence of the pulping process as well as of the bleaching process in the structure of the sugarcane bagasse particle can be observed in Fig. 3 . In this figure, the sugarcane bagasse in the original form (Fig. 3a) and the unbleached pulp (Fig. 3b) shows that the pulping promoted the rupture and solubility of the lignin to the liquor that generated a cellulose-rich solid residue. The lignin removal, after bleaching, permitted the separation of the cellulose fibers, as can be visualized in Fig. 3c . Surface and cross-sectional morphologies of cellulose films were investigated under different conditions. Figure 4 shows the surface morphologies of cellulose films taken by SEM. When cellulose films were washed in water bath, a good formation of film without rough surfaces and homogeneous structures was observed as shown in Fig. 4a (1.5 h and 74°C) and Fig. 4b (2.5 h and 74°C), while films that were not washed in water bath show a surface roughness with a layered structure Fig. 4c (1.5 h and 50°C) and with fibers of bleached pulp still undissolved Fig. 4d (2.5 h and 50°C). In this case (Fig. 4c) , it is possible to see some fibres in the film; this could be due to the temperature being too low that did not dissolve the pulp at 50°C.
Conclusions
A good formation of film was observed without rough surfaces and originating homogeneous structures. TGA analyses show that the decrease in the onset value of NMMO and films can be attributed to the decrease in the crystallinity of the fibers after chemical treatment using NMMO; this means a decreased stability of the mixture (bleached pulp and NMMO). FTIR results suggest that the released H 2 O molecules exist both adsorbed and physically confined in the cellulose matrix. The techniques studied furnish information on the properties of the material and, when possible, making correspondence between themselves. Thus, the process presented in this work showed to be interesting and promising, combining the prerequisites for a more efficient utilization of agro-industrial residues.
